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Anim. Behav., 1992, 43, 189-208 
The influence of testosterone on the development and fixation of the form of 
displays in two age classes of young black-headed gulls 
TON GROOTHUIS  & GUIDO MEEUWISSEN 
Zoological Laboratory, University of Groningen, P.O. Box 14, 9750 AA Haren, The Netherlands 
(Received 9 June 1989; initial acceptance 6 October 1989; 
final acceptance 19November 1990; MS. number." 3411) 
Abstract. Young black-headed gulls, Larus ridibundus, first perform incomplete forms of display before 
they show the adult-like stereotyped complete form. Two hypotheses concerning the mechanism involved 
in the development ofdisplay were tested. (1) Experience with the performance of incomplete display is a 
necessary step in the development of the complete motor pattern. (2) The complete form can be triggered 
early in ontogeny if the proper motivational state for agonistic behaviour ispresent. The motivational state 
was manipulated by changing the blood levels of testosterone, known to be positively correlated with 
aggressive behaviour in young gulls. First, testosterone plasma levels were determined in the blood of 
young gulls at several stages in the development ofdisplay. Second, young gulls of two age classes (6-day- 
old chicks and 10-week-old gulls) were implanted with pellets of testosterone proprionate; from several 
birds the pellet was removed after the complete display emerged. The findings indicate that (1) testosterone 
influences the gradual emergence of complete display in young birds; (2) the neural coordination of the 
complete motor patterns is present early in ontogeny; (3) the effect of testosterone on anatomy and 
behaviour isage-dependent; and (4) later in ontogeny the displays become independent of this hormone. 
This study is part of a project in which the mechan- 
isms underlying the ontogeny of the species-specific 
displays of the black-headed gull, Larus ridibundus, 
are being investigated. In this paper we analyse the 
influence of the sex hormone testosterone on the 
development ofthe form of the displays. The study 
was undertaken to answer the following two ques- 
tions. (1) Is the development of a complete display 
caused by the development of specific internal 
states for agonistic behaviour? (2) Do the incom- 
plete forms of display serve a function in the 
development ofthe final form? 
The adult postures and calls develop gradually 
through the addition of and changes in separate 
elements, uch as the position of the bill, neck, body 
and carpal joints (Groothuis 1989a). This develop- 
ment is partly under the control of internal factors 
influencing agonistic behaviour (Groothuis 1989b). 
The evidence for this can be summarized as follows 
(Fig. 1). Both the choking posture and the oblique 
display emerge from crouching. Crouching is 
strongly related to a tendency to hide and then to 
stay put. It changes in form at the age aggressive 
behaviour starts to develop. Elements of overt 
aggression, such as raised carpal joints, tilting of 
the body (reflecting a tendency to jump towards the 
intruder) and redirected pecking movements at the 
ground, gradually become incorporated into the 
posture. The complete choking posture finally 
emerges out of this addition of elements (which are 
characteristic for the activation of aggression) to a 
posture that was originally predominantly per- 
formed during hiding. A stronger activation of 
aggression causes an aggressive approach in erect 
postures. This leads to the development of the 
oblique display. A second form of fear behaviour, 
withdrawal with the head between the shoulders, 
changes gradually into the forward display. In the 
latter, elements of a tendency to attack can be 
recognized in the raised carpal joints and the exten- 
sion of the neck. After development and fixation of 
form, the displays are also frequently performed 
outsid ea clearly agonistic context. This would seem 
to be possible only when, in the older bird, these 
motor patterns become less dependent on the acti- 
vation of specific agonistic motivational states in 
the bird. 
To test the hypothesis that internal factors con- 
trolling aggressive behaviour influence the develop- 
ment in form and frequency of displays, we tried to 
manipulate these factors by administering testos- 
terone to young gulls. In a pilot study (Groothuis 
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Figure 1. Changes with age in the form of three agonistic displays of black-headed gulls. After Groothuis 1989a. 
1989b) testosterone implants in young chicks 
stimulated both overt aggressive behaviour and 
display, indicating that these two behavioural pat- 
terns share a common causal factor. Because in that 
study only a few birds had been implanted with 
hormone and the development of the form of dis- 
plays in these chicks was not analysed, we carried 
out the same kind of experiment again, using more 
animals and analysing their display behaviour in 
much more detail. 
The finding that young gulls first perform incom- 
plete forms of display before they predominantly 
show the stereotyped adult patterns raises the 
possibility that the performance of incomplete 
forms fulfils a function in the process of com- 
pletion. The occurrence of incomplete display 
might represent a stage in which the bird is shaping 
its motor output through practice (Groothuis 
1989a). Young birds may match the form of their 
motor output by means of proprioceptive f edback 
against some kind of template containing infor- 
mation about he species-specific form of the motor 
patterns. If this is the case, performance of incom- 
plete patterns will play a causal role in the develop- 
ment of the normal adult display, and the bird will 
not be able to omit the performance ofthe former in 
the development of the latter. Incomplete forms of 
display may thus serve a similar function as sub- 
song in songbirds which has been implicated in the 
development of complete crystallized song. This 
idea would be consistent with the finding that when 
isolated gulls, which do not show display before the 
age of 10 months, are re-housed in large conspecific 
groups, they first perform incomplete displays 
before the complete forms emerge. However, 
several authors have shown that testosterone can 
induce display behaviour in very young birds (e.g. 
Schein & Hale 1959; Andrew 1966, 1969; Schleidt 
1970; Schulman 1970; Schleidt & Shalter 1973). 
Indirect evidence, obtained from the development 
of the plumage of the isolated gulls, also suggests 
that the occurrence of incomplete forms in these 
birds could have been the result of a relatively low 
level of testosterone (Groothuis 1992). This raises 
the possibility that the completeness of display is 
primarily the result of the production of testoster- 
one in the developing bird, irrespective of experi- 
ence gained through the performance ofincomplete 
patterns. If so, birds must be able to omit the per- 
formance of incomplete display if their testosterone 
is brought o a high level. So far, the effect of testos- 
terone on the development of the form of displays 
in young birds has not been studied. 
We present three kinds of data. (1) Plasma levels 
of testosterone in gulls, reared in large groups, were 
measured uring the course of ontogeny. Partly on 
the basis of these results two experiments were 
carried out in which gulls of two age classes were 
treated with testosterone. These provided ata on 
the effects of treatment with testosterone proprio- 
nate on plasma levels of testosterone and the devel- 
opment of the form of display in (2) gulls of 10 
weeks of age and (3) chicks less than 2 weeks old. 
We focus on two types of display: choking-like 
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postures, the most frequently performed isplays 
in chicks; and oblique-like postures, the most 
frequently performed isplays in older gulls. 
ONTOGENY AND TESTOSTERONE 
PRODUCTION 
If testosterone plays an important role in the 
gradual emergence of the complete display in 
young birds, one would expect plasma levels of 
testosterone to increase when the birds start o per- 
form complete displays frequently. To check this 
expectation, we measured testosterone concen- 
tration in blood samples of birds at different stages 
of their behavioural development: at the time the 
young birds frequently showed incomplete display, 
at the age of 3 and 8 weeks; and at the age display 
started to be shown in complete form frequently for 
the first time. For some birds this was at the age of 
12 weeks, for other birds during their first spring. 
Testosterone might be needed for the develop- 
ment of display only and not for maintaining these 
motor patterns as part of the behavioural reper- 
toire. To check this possibility, we collected blood 
samples from birds (1) during their first winter, 
when those young gulls that had already developed 
complete display still performed these postures, but 
at a relatively low frequency, and (2) during their 
first summer, at the age at which they had all been 
displaying for 2 months and very often performed 
complete displays. 
In addition, and partly as reference for the values 
of testosterone obtained in young birds, we analysed 
blood samples of adult birds in the period of fre- 
quent copulation (May) and at the end of the breed- 
ing season (the end of August), when these birds still 
frequently performed the displays but hardly any 
copulatory behaviour. 
Methods 
Blood sampling, radioimmunoassays nd sex 
determination 
One to two millilitres of blood was sampled from a 
great vein at the carpal joint and kept on ice in a test- 
tube with heparin. The samples were taken mostly 
within half an hour of catching the bird, usually at 
the end of the day. They were centrifuged within 
1.5 h of sampling and stored at -30~ Radio- 
immunoassays were carried out at the isotope lab- 
oratory of the University Hospital of Groningen. 
The assay used antibodies to testosterone-7-alpha- 
carboxy-ethyl thioether-bovine serum albumin, 
which shows 8% cross reaction with 5-alpha- 
dihydrotestosterone. The assay is performed 
directly upon blood plasma, without extraction and 
purification of the hormone, and neither ecovery 
standards nor method blank was needed (for details 
see Pratt et al. 1975). The data from males are treated 
separately from those of females. The sex of the birds 
could almost always be reliably established by the 
length of the skull (see van Rhijn 1985); in the few 
cases of doubt we performed an autopsy. 
Rearing conditions 
Twenty birds were collected in the field at the age 
of 3-7 days and kept together in an indoor cage 
measuring 2 • 3 m until they were 4 weeks old. At 
that age they were housed in two groups of eight 
and 12 birds in outdoor aviaries of approximately 
2 x 4m. In such housing conditions small sub- 
groups of two to four birds defend small territories 
against other such groups, resulting in many agonis- 
tic interactions. This resembles the field situation in 
which aggressive interactions frequently occur 
between groups of siblings of neighbouring nests. 
From their first winter on, the young gulls were 
housed together with adult birds in large aviaries, 
measuring 6 x 10 m. The adult birds had been reared 
in approximately the same conditions. All birds 
were fed ad libitum with trout and mink food pel- 
lets. In the indoor cages water was replenished 
daily. In the outdoor aviaries, water in the bathing 
pools was replenished at least hree times a week. 
Results 
The mean plasma levels of testosterone for males 
and females were significantly different only in the 
adult samples of May, during the copulation period 
(Mann-Whitney U-test: U=0, N=4 and 5, re- 
spectively, P<0.001) when males showed a very 
pronounced peak in their testosterone production 
(Fig. 2). 
Between the ages of 3 and 8 weeks, when the 
young gulls performed only incomplete forms of 
display, testosterone levels were very low; birds of 
12 weeks of age, frequently performing complete 
display, showed an increase in testosterone produc- 
tion (Fig. 2). This increase was also seen in four 
other birds of unknown sex (not shown in Fig. 2). 
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Figure 2. Changes with age in average blood plasma levels of testosterone of black-headed gulls, reared in large groups 
of conspecifics. 
When these four birds were included, the differ- 
ences between the first three age classes were sig- 
nificant (Kruskal-Wallis, H= 10.82, N= 17, 11, 8, 
respectively, P=0-005). A comparable levated 
score was seen in those young gulls that started to 
show complete display for the first time in their lives 
during their first spring. 
Remarkably, testosterone l vels were relatively 
low not only in winter, when display was infrequent, 
but also during the summer, when both young gulls 
(July) and adults (August) performed complete 
display very frequently. 
Discussion 
A (non-linear) increase in testosterone produc- 
tion during ontogeny has been found for other bird 
species as well (e.g. Sharp et al. 1977; Tanabe et al. 
1979; Ottinger & Bakst 1981; Pr6ve 1983). The 
timing of this increase in the gulls suggests that this 
is related to the emergence ofcomplete display. 
Comparable low levels of testosterone in actively 
displaying birds outside the breeding season and a 
brief peak in male testosterone production during 
the copulation period have also been found in the 
Western gull, Larus occidentalis wymani (Wingfield 
et al. 1982), bar-headed geese, Anser indicus 
(Dittami 1981) and sheathbills, Chionis minor 
(Burger & Millar 1980). Low levels during the 
summer suggest that the performance ofcomplete 
display becomes relatively independent of testos- 
terone once the display has developed. The high 
levels in males during the copulation period suggest 
that they stimulate spermatogenesis. 
There are also no sex differences inplasma levels 
of testosterone outside the copulation season in the 
Western gull (Wingfield et al. 1982). Moreover, 
Terkel et al. (1976) found that juvenile female 
laughing gulls, Larus atricilla, strongly increase 
their frequency of display after treatment with tes- 
tosterone. This lack of sex differences i  under- 
standable if one realizes the similarities between the 
sexes in both agonistic and sexual display behaviour 
as well as in morphological traits. 
TESTOSTERONE TREATMENT AT 
10 WEEKS 
The main objectives of this experiment were to see 
whether: (1) an increase of plasma levels of testos- 
terone induces the emergence of the complete dis- 
play; (2) the performance of incomplete forms of 
display is necessary for the development of stereo- 
typed complete postures and calls; and (3) after the 
development of complete display under the 
influence of testosterone, these postures and calls 
become independent ofthis hormone, both in form 
and in frequency. 
Crystallized pellets of 25 mg testosterone pro- 
prionate were implanted subcutaneously in the 
neck of 14 young gulls. Because these young gulls 
were much larger than the chicks in the following 
experiment and we wanted to compare the results 
of both, half of the young gulls received two pellets 
to correct somewhat for body size, while the rest 
received one pellet. 
The young gulls were implanted at the age of 10 
weeks. This age was chosen because young gulls 
reared normally in large groups of at least eight 
birds often perform complete display at this age, 
indicating that at that time they have the motor 
ability to perform complete postures. 
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Collection in the field at 3 days of age 
About 32 h of observation per group 
Six birds had their blood sampled 
Testosterone proprionate pellets implanted 
4 h of observation per group per day 
I h of observation per group 
All birds had their blood sampled 
Five birds had the pellet removed 
These five birds had their blood sampled 
10 h of observation per group 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Isolated Group 1 Group 2 Group 3 Group 4 
0 0 1 1 2 2 2 2 2 2 1 1 1 1 0 0 0 0 2 1 0 
+ + + + + -- 
+ + + + + -- 
* +: pellet removal/blood sampling was carried out on the bird; - : the procedure was not carried out. 
To test the importance of  performing incomplete 
forms of display for the development of the com- 
plete one, the young gulls were prevented from 
practising the motor output for display before 
implantation. This was done by rearing them in 
either groups of a few birds or isolation. Previous 
experiments have shown that young gulls, reared in 
these conditions, show hardly any display during 
their first few months of life (Groothuis 1989a). 
Methods 
The design of this experiment is summarized in 
Table I. 
Rearing conditions 
Chicks of 3-5 days old were collected in the field. 
They were colour ringed and marked with paint on 
the wings or head to facilitate individual recog- 
nition. Six birds were visually isolated from the 
other birds in indoor cages measuring 0.5 • 0.5 m, 
and 15 birds were housed in three groups of four 
individuals and in one group of three birds in indoor 
cages of 1 x 1 m. The groups were visually isolated 
from each other. At the age of 4 weeks all the birds 
were transferred to outdoor cages. From that time 
on the six isolated birds were housed in six adjacent 
cages of 1 • 1.8 m; the four groups were housed in 
adjacent cages of 1.2 • 3.6 m. The walls between the 
adjacent cages were made of wire and visual con- 
tact was prevented by adding an easily removable 
wooden partition. During some of the observations 
after implantation these partitions were withdrawn 
(see below). All the birds were fed with mink or 
trout food-pellets, and every cage contained one 
bathing pool; water was replenished at least three 
times a week. 
Blood samples and implantations 
Blood was collected from six birds 2 weeks before 
and from all 21 birds 17 days after implantation. 
The methods used for blood sampling and radio- 
immunoassays were the same as in the previous 
experiment. 
Two of the isolated gulls were implanted with 
two pellets of testosterone proprionate, two with 
one pellet and two birds received no implantation 
(Table I). In one group of four birds every individ- 
ual received two pellets, in the second group every 
bird one pellet and in the third group of four birds 
all four were used as controls and received no 
implantation. In the group of three birds, one was 
implanted with two pellets, one with one pellet and 
one served as a control. 
From five birds the pellets were removed 27 days 
after their implantation (Table I). In this way we 
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could see whether these birds, which had frequently 
performed complete display, continued to show 
these motor patterns despite low levels of testoster- 
one. To check whether the plasma levels of this 
hormone were indeed reduced, plasma of these 
birds, collected 14 days after removal of the pellet, 
was analysed, 
Observations 
To check whether the young gulls performed is- 
play before implantation, we observed all groups 
for approximately 3-5 h each weekly during the first 
9 weeks of age. 
On the day the implantations were carried out 
(= day 0) and on days 1, 2, 3 and 5 after implan- 
tation, we used the following scheme. We first 
observed each group in a 1-h 'bath-protocol', after 
the water of the bathing pool was replenished; this 
induced competition for access to the water and 
therefore stimulated isplay behaviour. Then for 
30 min the wooden partition between two adjacent 
cages was removed to confront he young gulls with 
neighbouring conspecifics. Finally, we made obser- 
vations for 2.5 h spread over the day in periods of at 
least 30 min. On day 4 after implantation, o 'bath- 
protocol' and only 1 h of observations were made. 
After removal of the implantations in five of the 
birds, we observed all 21 birds for 10 h each group 
spread over the second and third week thereafter. 
We used a tape recorder and video equipment for 
all observations. 
Display: classification and normal development 
The following classification and data are based 
on the description of displays given in Groothuis 
(1989a). 
We deal here mainly with two displays, the erect 
oblique-like postures and the choking-like pos- 
tures. In the latter, the bird bows towards the 
ground (see Fig. 1). Forward-like postures, in 
which the head is held in front of the body, and 
begging displays, in which the head is moved up 
and down were also recorded. The latter hardly 
ever occurred uring the experiment. 
Oblique-like display was classified as complete 
on the basis of the position of neck and bill (see the 
final form in the 'oblique' series in Fig. 1), and if the 
display lasted clearly longer than 1 s. In birds 
reared normally in large groups, the percentage of
oblique-like postures that consists of complete dis- 
Table II, Plasma levels of testosterone (ng/ml) in young 
gulls implanted with one or two pellets of testosterone at
the age of 10 weeks 
,~ s~ Range N 
Before implantation 0.24 0.22 0.0-0.6 6 
After implantation 
Two pellets 20.31 10.47 0.8-29.8 7 
One pellet 10.84 3.57 7.0-17.6 7 
No pellet 0-06 0.09 0.0~0.2 7 
After removal of the 
pellet(s) 0.0 0.0 0.frO-0 5 
play gradually rises from 10 to 80 in the course of 
ontogeny. The latter percentage is not reached 
before the age of 10 weeks in young gulls reared in 
large groups, and often occurs later. 
A characteristic of complete oblique display in 
black-headed gulls is its alternation with 
forward-like display. In adults, the latter follows 
the former in 50% of all oblique-like display. Since 
this sequence ishardly ever seen in birds of less than 
4 weeks of age, its occurrence was quantified too. 
Choking was considered to be complete if the 
body was tilted towards the ground and the posture 
was accompanied by head movements. Under nor- 
mal circumstances choking is completely per- 
formed in 20% of all choking-like postures by 
10-week-old gulls, and in 60% by adults. 
The occurrence of head-movements during 
choking-like postures was scored separately. In 
normal ontogeny this element of choking is the last 
to emerge. Gulls younger than 10 weeks of age 
hardly ever perform this motor pattern. At 10 
weeks head-movements are performed in 35% of 
choking-like displays while adults perform it in 
60% of their choking postures. 
Results 
Levels of testosterone and plumage 
Implantation of one pellet of testosterone pro- 
prionate increased plasma levels of testosterone to 
the maximum values found in adult males during 
the copulation season (Table II; Fig. 2). Two pellets 
gave on average levels twice as high as one pellet 
did. Furthermore, large individual differences were 
found in plasma levels between birds that received 
the same dose. Several weeks after removal of the 
pellets, plasma levels of all five birds were zero. The 
majority of testosterone-implanted birds developed 
the brown mask on the head, in contrast o the 
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Figure 3. Frequency and form of oblique-like and choking-like displays on the day on which the 10-week-old gulls were 
implanted with pellets of testosterone proprionate (day 0) and the 5 days thereafter. (a) Frequencies (X+ SE) of the 
displays of 14 experimental birds. The data for day 4 are multiplied by 2 to correct for a reduced observation time (see 
Methods). (b) Percentage (X+ SE) of oblique-like postures that consisted of complete display and of oblique-like 
postures that were immediately followed by the performance of a forward-like posture by the same individual. (c) 
Percentage (X+ SE) of choking-like postures that consisted of complete display and that were performed with head- 
movements. 
never start to develop such masks before their first 
summer at the age of 10 months. 
Behaviour before implantation 
During the first 10 weeks, only five oblique-like 
postures were seen, four of which were in the con- 
trol group. During the first 3 weeks choking-like 
postures were regularly seen, but at a much lower 
frequency than in larger groups of at least 10 birds. 
These choking postures were very incomplete, 
mostly consisting of two elements of choking only: 
a downward pointing bill and choking-like vocali- 
zations. After the birds had been removed to the 
outdoor cages, choking-like postures were seen 
only four times. In conclusion, display frequency in 
the birds was very low. Consequently these birds 
hardly ever had the opportunity to practise display 
behaviour before implantation. 
Behaviour after implantation 
The frequency of oblique-like postures increased 
rapidly after implantation, and continued to 
increase until the end of the observation period 
(one-way analysis of variance with repeated 
measurement with six levels on the repeated factor 
revealed a strong significant effect: F5=12.51, 
P<0.001; Fig. 3a). Choking-like postures also 
became more frequent (same test as above: F 5 = 
3.52, P=0.007; Fig. 3a) despite a decrease after 
day 2. In the control birds only 11 oblique-like 
postures, and four choking-like displays were seen 
during all 6 days. These displays consisted of incom- 
plete postures only. Thus testosterone implants 
increased the performance of choking-like and, 
more strongly, oblique-like postures. The frequency 
of overt aggressive behaviour also increased: from 2 
weeks after implantation onward, several times a 
group-bird had to be separated from its companions 
to save it from too many harmful attacks. 
The average percentages of oblique-like postures 
that were considered as complete oblique display 
increased after implantation, reaching adult 
levels on day 5 (Fig. 3b). The percentages 
of oblique-like postures that were immediately 
followed by forward-like display did not show an 
overall increase during the 6 days after implan- 
tation, owing to an initial high and almost adult 
percentage immediately after implantation, and a 
decrease after day 1 (Fig. 3b). Both the average 
percentages of complete choking forms and of 
choking-like postures performed with head- 
movements increased after implantation, the latter 
very rapidly, but these scores still remained some- 
what below the adult ones of 60% (Fig. 3c). In 
conclusion, the implant accelerated the emergence 
of complete oblique and complete choking display. 
We found large differences between individuals 
in their behavioural responses to the implant. 
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Figure 4. Development of oblique display after implantation ftestosterone proprionate pellets in 10-week-old gulls. 
The data are the same as in Fig. 3b but for each of the 14 experimental birds separately. N refers to the number of 
oblique-like postures observed. 
Consequently, data from individual birds were 
checked to see whether they were able to omit 
incomplete forms in the development of complete 
display. More than half of the birds reached the 
adult level of 80% complete oblique postures very 
rapidly, without a previous frequent performance 
of incomplete postures (Fig. 4, birds a, b, c, d, n), 
or even without any performance of incomplete 
postures during the observation periods (i, j, m). 
Eighty-two per cent of the incomplete oblique 
displays consisted of brief postures. A more 
detailed analysis of the form of these postures from 
video film revealed that 50% consisted of normal 
adult forms of oblique. Consequently, if only form 
and not duration of the posture was considered as a 
criterion for the classification of complete display, 
the percentage of complete postures would have 
been even higher than depicted in Fig. 4. 
The adult percentage of oblique-like display 
followed by forward-like postures (50%) was 
immediately reached by several birds (a, b, d, e, i, j). 
Choking (Fig. 5) occurred too rarely to permit a 
conclusion about the necessity of incomplete dis- 
play performance for the development of the 
complete form. 
In conclusion, experience with the performance 
of incomplete forms of display is not indispensable 
for at least he development of the complete oblique. 
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Figure 5. Development ofchoking display after implantation of testosterone proprionate pellets in gulls of 10 weeks. 
The data are the same as in Fig. 3c, but for each of the 14 experimental birds separately. N refers to the number of 
choking-like postures observed. 
Testosterone level, display and sex 
We calculated Spearman rank correlations for 
the individual data of plasma levels of androgens 
after implantation and the average scores of these 
individuals with respect o frequency and form of 
oblique and choking display over days 0-5 but none 
was significant. 
To analyse the effect of sex on the behaviour of 
the birds after implantation, we had to correct for 
differences in the actual plasma levels of  testoster- 
one of the birds that were the result of  the implant. 
Therefore these levels were divided into two 
groups, high and low. A two-way analysis of vari- 
ance was carried out with, on one factor, the plasma 
level of testosterone (two levels) and, on the other 
factor, sex (two levels). Tests were carried out on 
data for both frequency and form of both oblique- 
like and choking-like display. None of these tests 
revealed an effect of sex on the behavioural 
responses to implantation (all P-values > 0-4). 
In conclusion, no evidence was obtained for an 
effect of plasma level of testosterone or of sex on 
display behaviour after implantation. 
After removal of the pellet 
Birds from which the pellet was removed id not 
differ from those that still had the pellet in the 
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Figure 6. Frequency (per individual per 10 h of obser- 
vation) of oblique-like postures and percentage of these 
postures that were classified as complete display for three 
groups of birds_during the sixth and seventh week after 
implantation (X+ so). With pellet: birds implanted with 
pellets of testosterone proprionate for about 7 weeks 
(N=9); pellet removed: birds from which the pellet was 
removed after 4 weeks (N= 5); and controls, which never 
received a pellet (N= 7). 
frequency of oblique-like postures and the percent- 
ages of complete oblique performed over the next 3 
weeks (Fig. 6), but they differed significantly from 
the controls both in frequency (Mann-Whitney U- 
test; U=0, N=5,  7, P<0.01) and in form (U=3, 
P < 0.01). Since testosterone levels dropped to zero 
after removal of the pellet (Table II), it can be con- 
cluded that oblique display, after being activated 
for several weeks after the influence of testosterone, 
becomes in frequency and form, at least for a 
couple of weeks, independent of this hormone. 
TESTOSTERONE TREATMENT IN 
YOUNG CHICKS 
Our aims in this experiment were first to investigate 
whether the potential to perform complete display is 
already present in young chicks; and, second, to 
collect additional data on the development of the 
choking posture. As in untreated and normally 
reared gulls of the same age, this display was not very 
often performed in the experiment on 10-week-old 
birds. However, it is very often performed by chicks 
reared normally in large groups at 14  weeks 
(Groothuis 1989a, b). Third, we wanted to establish 
possible age-dependent effects of testosterone. 
Ethical Considerations 
This experiment, like those already described in 
this paper, was performed in accordance with the 
Dutch legislation concerning animal experiments. 
During the experiment reported in this section 
many of the chicks appeared to have difficulties 
with their breathing caused by testosterone implan- 
tation and two died of suffocation (see below). We 
did not expect his to happen and therefore unfor- 
tunately could not anticipate it. No similar prob- 
lems were seen in the pilot study. To prevent oo 
much suffering by the chicks we stopped the exper- 
iment and killed with chloroform the nine chicks 
that had difficulty with breathing. When planning 
this kind of experiment, one should be aware of this 
harmful side-effect of testosterone in chicks. 
Conclusion 
From these results it is clear that implantation of
one or two 25 mg testosterone proprionate pellets 
in 10-week-old gulls induces aconsiderable increase 
in plasma levels of testosterone, display frequency, 
and the occurrence of the complete form of display. 
It also induces the development of plumage, nor- 
mally present only during the reproductive period. 
The effect of implantation on oblique display is 
stronger than on the choking display. The fact that 
some birds, at least during the many hours of obser- 
vation, did not show incomplete display before they 
gave predominantly complete display suggests that 
birds are able to omit the performance ofincomplete 
oblique display in the development ofthe complete 
form. After some weeks, the frequency and form of 




Chicks, of unknown sex, were collected in the 
field at an age of approximately 3 days. They were 
colour-ringed and marked with paint to facilitate 
individual recognition. The birds were placed in 
two groups of five and one group of four individ- 
uals. The groups were visually isolated from each 
other and housed in indoor cages of I x 2 m. They 
were stimulated to eat by holding some food at the 
end of a small stick in front of their bills. This food 
consisted of a mixture of trout food-pellets, yeast 
and water. 
Blood samples and implantation 
Around the sixth day of age all 14 chicks were 
implanted subcutaneously in the neck with one 
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pellet of 25 mg crystallized testosterone proprio- 
nate. A control group was not included in this 
experiment since display behaviour of untreated 
chicks reared in small groups has already been 
extensively studied and its frequency appeared to 
be extremely ow (these results are partly presented 
in Groothuis 1989a). Moreover, in a pilot study 
(Groothuis 1989b), chicks were treated in the same 
way as in the experiment reported here. In this pilot 
study the experimental chicks were reared together 
with controls, which received no implant. The fre- 
quency of aggressive as well as of display behaviour 
of the experimental birds was clearly higher than 
those of the controls. 
The pellet was removed 4 weeks after implan- 
tation from one bird frequently showing display 
behaviour. Blood samples were taken from all 14 
birds 2 weeks after implantation. One day after the 
removal of the pellet a sample was taken from the 
one bird mentioned above. Methods of blood sam- 
pling and radioimmunoassays were the same as 
before. 
Observations 
Because chicks, in contrast to older gulls, hardly 
ever show agonistic behaviour towards each other, 
but do react with aggression and display to adult 
intruders on the territory, display development was 
tested with a stuffed adult gull, which was mounted 
on the end of a long stick. This also gave us the 
opportunity to test the birds with a standard 
stimulus object, in order to avoid changes in the 
behaviour of the chicks caused by changes in the 
behaviour of the opponent. All groups were tested 
twice a day from the day of implantation (day 0), 
until 5 days thereafter, and during days 11 and 12 
after implantation. Because young chicks may per- 
form begging display as well as other displays 
towards the caretaker, each test was preceded by a 
period of 3 min in which the birds were stimulated 
to eat. After a pause of at least 10 min the birds were 
then tested with the stuffed adult. Each such test 
consisted of four short successive sessions: first, for 
60 s, the model was held more or less stationary at 
the front of the cage; second, for 30 s, the model was 
held in the same way 50 cm from the chicks, which 
then mostly crouched together in one corner of the 
cage; third, for 5 min the model was held close to 
the birds, at least 1 min close to each individual; and 
then the second session of 30 s was repeated. All 
experiments were recorded and analysed with video 
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equipment. Classification of behaviour was the 
same as in the experiment with 10-week-old gulls. 
Nine experimental birds as well as four control 
birds were killed so we could investigate syrinx 
growth. 
Results 
Plasma levels of testosterone 
The average level of testosterone in the blood 
plasma of the 14 experimental birds was 1.45 ng/ml 
(so = 1.07, range 0'2-3' 6). These values resemble the 
mean score for adult birds during the copulation 
season (Fig. 2). 
One day after removal of the pellet the level of 
plasma testosterone in one bird, showing 0"7 ng/ml 
testosterone after implantation, dropped to zero. 
Behaviour 
Both the mean frequency per day of oblique-like 
and choking-like postures for the chicks from day 0 
to day 5 and the average score for days 11 and 12 
after implantation i creased (one-way analysis of 
variance with days after implantation as the 
repeated factor with seven levels: for oblique: F6 = 
81.90, P< 0.001; for choking: F6= 19.02, P< 0.001; 
Fig. 7a), choking-like display more rapidly than 
oblique-like display. The increase of the latter is 
even more impressive given that in untreated chicks 
of less than 2 weeks old reared normally in large 
groups oblique-like display is hardly ever per- 
formed during tests with a stuffed adult gull 
(Groothuis 1989b). Thus in young gull chicks, arti- 
ficially high levels of testosterone induced a con- 
siderable increase in display frequency. 
The percentage of complete oblique display 
(almost never seen in normally reared chicks of this 
age) steadily increased after implantation, but the 
oblique-forward sequence r mained at clearly lower 
levels than the 50% of adult gulls (Fig. 7b). 
The occurrence of both forms of choking, never 
seen in chicks reared normally, gradually increased 
after implantation (Fig. 7c). After 4 days, the fre- 
quency of head-movements almost reached the 
adult levels of 60%. Implantation of testosterone 
therefore stimulates the performance of more 
complete forms of choking. 
Not only the oblique display (Fig. 8), but also its 
accompanying vocalization, the long-call, changed 
in form after implantation. The normal develop- 
ment of the long call in untreated birds develops 
from choking-like vocalizations through the 
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Figure 7. Frequency and form of oblique-like and choking-like displays of 14 gull chicks on the day on which they were 
implanted with pellets of testosterone proprionate (day 0) and during the 5 days and 1 lth-12th day thereafter. (a) 
Frequency (X_+sE) of the displays of the birds. (b) Percentage (.~+SE) of oblique-like postures that consisted Of 
complete display and of oblique-like postures that were immediately followed by the performance of a forward-like 
posture by the same individual. (c) Percentage (X___ SE) of choking-like postures that consisted of complete display, or 
was performed with head-movements. 
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Figure 8. Forms of display performed by young chicks 
after implantation f pellets of testosterone. (a) Complete 
choking. (b) Incomplete form of oblique, in which the bill 
is held down which is typical for gulls younger than 6 
weeks. (c) Complete oblique. (d) Complete and extreme 
form of the oblique, normally performed by adults in 
highly aggressive interactions. (e) Complete forward. 
addition of higher pitch notes in the middle of the 
bout (Fig. 9a); the notes gradually become longer in 
the course of ontogeny. The call sounds rather 
clearer after the age of 4-6 weeks, showing several 
easily distinguishable harmonics on the sonagram 
(Fig. 9b). During the bird's first spring the call 
starts to sound rather hoarse (Fig. 9c) and reaches 
the adult form about 4 weeks later (Fig. 9d). Chicks 
less than 3 weeks old, treated with testosterone, 
already showed such hoarse long-calls with clearly 
longer notes at the beginning of the bout (Fig. 9e), 
while others performed calls with many harmonics 
(Fig. 9f). These two forms of long-calls were never 
found in untreated gulls of only 2 or 3 weeks of age. 
Thus, testosterone accelerates the emergence not 
only of the adult oblique posture, but also of the 
accompanying call. 
To investigate whether the birds could skip the 
performance of incomplete display, the data were 
analysed for each bird individually. Although some 
chicks reached (almost) the adult level of 80% com- 
plete oblique display within 12 days of implan- 
tation (birds a, b, c, e, g, i, 1, n in Fig. 10), all these 
birds previously performed more or less frequent 
incomplete display (Fig. 10). The oblique-forward 
sequence was performed by two birds at the adult 
frequency of 50% (birds c and 1), and on the last 
observation period by bird i as well. 
Bird a reached the adult level of 60% complete 
choking display. The other birds rapidly reached a
level of 40% but they did not improve their pos- 
tures thereafter (birds d, e, g, i; Fig. 11). Further- 
more, head-movements, which in gulls reared 
normally are the last element to develop in choking, 
were performed by seven chicks at the adult fre- 
quency of 60% or more (birds a, d, e, g, h, i and j). 
Moreover, other elements of the complete choking 
display, which were not scored separately, also 
became considerably more frequent. In contrast to 
untreated chicks, and like adult gulls, the exper- 
imental birds frequently performed choking-like 
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Figure 9. Sonograms oflong-call-like vocalizations ofgulls reared normally in large groups at 3 weeks (a), 10 weeks (b) 
and 8 months (c) and of adult gulls (d). (e) and (f) are from chicks less than 3 weeks old that were implanted with pellets of 
testosterone proprionate. 
postures in which the bill pointed well downwards, 
while the carpal joints were extended well away 
from the body and the bird did not hide in a corner 
of the cage but stayed openly in front of the 
stimulus object. 
In conclusion, implantation of testosterone pro- 
prionate in young gull chicks increased both the 
frequency and the completeness in form of display 
behaviour; the effect on the choking display was 
stronger than on the oblique display. 
Testosterone l vel and display 
There was a positive correlation between testos- 
terone level and percentage of complete choking 
display (Spearman rank correlation: for the behav- 
ioural data 0-5 days after implantations: r  = 0-62, 
N= 14, P = 0.028: Fig. 12; for the 11-12th day: r s = 
0-49, N= 14, P=0"071). No such relation between 
level of testosterone and oblique display was found. 
Unfortunately, no data on the choking display 
could be obtained because this bird hardly ever per- 
formed it, either before or after emoval of the pellet. 
Morphology and anatomy 
Autopsy revealed that he outer membranes of the 
syrinx in the birds treated with testosterone were 
considerably enlarged compared with the mem- 
branes of birds of the same age that had not been 
implanted (Fig. 13). The enlarged membranes were 
folded inside the tube of the syrinx and may have 
obstructed the airstream, explaining why some birds 
became mute or seemed to have difficulties with 
breathing. 
Examination of the morphology of the chicks 
revealed a strong acceleration of the development 
of the brown mask on the head (Fig. 14). The exper- 
imental birds also weighed less and were smaller than 
control birds of the same age (unpublished data). 
Behaviour after removal of the pellet 
The one bird from which the pellet was removed 
was tested with the standard stimulus object almost 
daily for 3 weeks after the removal. This bird con- 
tinued to give complete oblique-forward display. 
Comparison with lO-week-old gulls 
Implantation ofone pellet of 25 mg testosterone 
proprionate induced higher levels of plasma testos- 
terone in the seven 10-week-old gulls than in the 14 
chicks of 6 days old (Mann-Whitney U-test: U= 0, 
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Figure 10. Development ofoblique display after implantation of testosterone proprionate pellets in young chicks. The 
data are the same as in Fig. 7b but for each of the 14 experimental birds separately. Nrefers to the number of oblique-like 
postures. 
P < 0.001). Despite the relatively low levels of testos- 
terone in chicks, the syrinxes of these birds were 
severely affected by the hormone treatment, incon- 
trast to those of the older birds. Because the chicks 
in the two experiments were tested differently, the 
absolute frequencies ofdisplays of both groups can- 
not be compared. However, we can compare relative 
frequencies, i.e. the ratio between the frequency of 
choking-like and that of oblique-like postures and 
the percentage of a display-type in which one or 
more elements were present. The chicks showed sig- 
nificantly more choking-like postures relative to 
oblique-like postures, and fewer complete oblique 
display and oblique-forward sequences than the 
10-week-old birds (Fig. 15). 
Conclusion 
As with the older gulls, implantation of one 
25 mg pellet of testosterone proprionate in young 
chicks induced an increase in plasma levels of 
testosterone, accelerated the development of the 
brown plumage on the head and induced an increase 
in the frequency and completeness of the oblique, 
the long-call and the choking display. Whereas 
chicks responded more strongly with choking-like 
display than with oblique-like display, older birds 
more frequently performed oblique-like display and 
complete obliques than choking-like display and 
complete choking. Despite the relatively low levels 
of testosterone in chicks than in the older birds, only 
the former developed abnormal syrinxes and had 
stunted growth. 
GENERAL D ISCUSSION 
Testosterone and Motor Ability 
It is clear that performance of complete adult- 
like display can be induced in young gulls early in 





























_ (o )  
~O ~O~ o~O\o1~ 
4 1025 25 28 26 29 
- t~.  (e) 9 
/ ~176176176 
% ;/4 2'2 
/~( i )  9 
9 / " "o  
{,../ 
~K/ / I  I I I 
I 8 172516 9 
(m) 
25  9 74  5 0 
I 2 5 4 5 11/120 
(b) 
Z' /  T , , 
15 2-8 26 21 16 
2 2 5 17 21 12 II 
4 I 8 5 I0 9 8 
(n)  
0 4 8 4 15 II 
I 2 5 4 511/12 
Days after imptontation 
f 
(c)  
I 8 IO 19 20 14 7 
(g) 
_ o \  /o . . .o /o  
~.....~k_~ I l I 
(d)  
, o , . /%/ \ .  
A 9 
A ,k Z I i i 
- (h )  
: .-%o 
~ _ 
7 8 13 II 26 17 16 L 5 16 7 18 8 5 
-(k) (I) 
0 0 2 14 7 8 16 5 16 15 9 I0 6 
I 2 5 4 5 11/120 I 2 5 4 5 11/12 
Days after implantation 
9 Complete choking 
9 With head movement 
9 9 N~>IO 
Ozx N<IO 
Figure 11. Development of choking display after implantation ftestosterone proprionate pellets in young chicks. The 
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Figure 12. The relation within individuals between plasma 
levels of testosterone, 2 weeks after implantation, and the 
percentage of choking-like display during the first 5 days 
after implantation that consisted of complete postures. 
ontogeny, at the age they normally perform incom- 
plete postures and calls. This indicates that the 
neural coordination of these motor patterns is 
already present in the young gull: it needs only the 
proper internal state to be expressed. It is unlikely 
that the neural substrate for the complete motor 
pattern develops very quickly under the influence of 
testosterone. Detailed analyses of video-recordings 
of display behaviour of untreated chicks revealed 
that hese birds perform complete display, although 
very rarely. This indicates that the neural mechan- 
ism for the performance ofcomplete display is also 
present in untreated young chicks. 
Furthermore, atleast some birds skipped the per- 
formance of incomplete forms almost entirely in 
their development towards the adult level of com- 
plete display performance. Thus, young gulls need 
not practise the complete display in order to per- 
form these motor patterns frequently in the same 
stereotyped form. The finding that some birds, 
especially some of the young chicks, did show in- 
complete display before they frequently performed 
the complete form, may suggest that some kind of 
matching of motor output, although not indispens- 
able, facilitates complete display performance. 
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Figure 13. The syrinx in two 3M-week-old chicks, treated with testosterone (a,b) and of two control birds (c, d). Note 
the enlargement a the area just above the branching of the syrinx. 
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Figure 14. Stage in the development of the brown mask in a bird of 6 weeks old, treated with testosterone at the age of 6 
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Figure 15. Comparison of form and relative frequency (2_+ SE) of display behaviour between chicks and 10-week-old 
gulls, implanted with pellets of te tosterone proprionate. CO-CH: complete choking; CH-HM: choking with head 
movements; CO-OB: complete oblique; OB FW: oblique followed by forward; CH: choking-like postures; OB: 
oblique-like postures. *P < 0"01; Mann-Whitney U-test. 
However, we do not consider this very likely. 
Despite a rapid increase of plasma testosterone 
levels after hormonal treatment, a delay in the 
behavioural response to it is often reported in the 
literature (e.g. Hutchison 1976). This delay may 
be because the conversion of testosterone into its 
active metabolites (e.g. oestrogen and 5-alpha 
dihydrotestosterone; Harding et al. 1983), takes 
some time, as do the development of receptor sys- 
tems in brain tissue and the modification of DNA 
transcription and protein synthesis. Therefore, the 
occurrence of incomplete display might be the 
consequence of the gradually increasing effects of 
testosterone after implantation, 
The results how that the gradual emergence of
complete display in normal ontogeny can be sub- 
stantially accelerated. This suggests hat he gradual 
development of display is not the consequence of a 
development in the motor coordination itself, but 
rather the consequence of a gradual decrease in 
threshold for the complete pattern to come about. 
This interpretation was also given by Andrew (1969) 
for the development of calls in testosterone-treated 
young cocks, Gallus gallus domesticus. In young 
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gulls the complete pattern eeds a relatively strong 
stimulus to occur, e.g. a strong external stimulus 
(Groothuis 1989a), or a high level of testosterone. In 
older birds, the complete display is performed much 
more frequently and, as shown by the behaviour 
after removal of the pellet, irrespective of high 
levels of testosterone. After removal, production of 
testosterone appeared to be zero. This was possibly 
the consequence oftesticular atrophy, owing to the 
fact that the secretion of gonadotrophic hormones, 
involved in testical growth, was suppressed by the 
artificially high plasma levels of testosterone. How- 
ever, these birds still performed complete display. 
This is in line with the finding (Groothuis 1989b) 
that in older birds display is frequently performed 
outside agonistic contexts. The displays may 
gradually become fixed in form and established 
and imbedded in behavioural systems as a motor 
pattern, easy to recall in all kinds of situations 
(Groothuis 1989b). Whether this fixation of form is 
induced by the high level of testosterone itself, or 
indirectly via the repeated performance ofthe same 
motor pattern (e.g. Andrew 1969), induced by a high 
production of testosterone, needs to be studied. 
That a motor pattern, originally influenced in its 
occurrence by testosterone, can become indepen- 
dent of this hormone through experience with the 
performance of the patterns, has been shown by 
Rosenblatt & Aronson (1958). 
The large individual differences in the behav- 
ioural response to testosterone within the same age 
class can be attributed to at least hree phenomena. 
(1) There are differences between individuals in the 
implantation, encapsulation a d size of the pellet. 
(2) The birds had different experiences prior to the 
implantation. It is well known that the sensitivity of 
a bird for a specific hormonal treatment is 
influenced by the number and state of receptors for 
that hormone, which are in turn influenced by hor- 
monal evels prior to that treatment (e.g. Hutchison 
1976). (3) The social context within the group 
differed. Testosterone only creates the potential to 
perform display, but whether the bird shows these 
motor patterns, and which of them, strongly 
depends on the kind of relations it has with other 
group members. 
Age-related Effects of Testosterone 
Despite the implantation of the same dose of 
testosterone in both age classes of gulls, chicks 
showed (1) lower plasma levels of this hormone, (2) 
a stronger impairment of the syrinx and body 
growth, and (3) more choking and less complete 
oblique than gulls of 10 weeks. The first finding was 
surprising, given that chicks weigh several times 
less than gulls of 10 weeks and thus received a 
higher dose per gram body weight han the latter. A 
pilot experiment, in which two pellets were 
implanted in 6-day-old chicks, gave no increase of 
plasma level of testosterone either. It is not known 
whether these results are the consequence of age- 
related differences in the rate of degradation of 
testosterone in the liver (possibly because of the 
lack of plasma proteins in chicks which bind the 
hormone in the blood, Andrew 1976) or the encap- 
sulation of the pellet by the birds. 
Despite low levels of testosterone in chicks, only 
the birds in this age class were strongly affected in 
the growth of their body size and syrinx. The latter 
could have been the cause of the rapid development 
of the species-specific vocalizations, and of the 
deaths of two chicks which seemed to die from 
suffocation. A relatively high sensitivity for andro- 
gens of tissues of the syrinx has also been found by 
Lieberburg & Nottebohm (1979) for songbirds. 
The sensitive period in the gulls, early in ontogeny, 
for the influences of testosterone on syrinx and 
body growth may explain why normal young birds 
do not perform complete display. During this 
period the performance of these postures and calls 
might be constrained, because they need to be 
triggered by a high level of androgens, which would 
harm the young birds. 
Birds in both groups developed the brown mask, 
typical for adult birds in the reproductive period. 
These results confirm the influence of androgens on 
this plumage, as has been suggested by van Oordt & 
Junge (1933) on the basis of castration experiments 
in black-headed gulls. 
The difference between age classes in behavioural 
response to the implantation can be attributed to 
two factors: differences inplasma levels of testoster- 
one, which were much higher in the older birds, and 
age-related differences in the behavioural response 
itself. We consider the first possibility unlikely, 
because it implies that oblique display needs higher 
plasma levels of testosterone than choking. Conse- 
quently one should expect a positive correlation 
between plasma levels of testosterone and the 
occurrence of (complete) oblique display, and a 
negative one with the frequency of (complete) 
choking. In fact, almost he reverse was found: a 
positive correlation between plasma levels of tes- 
tosterone and the occurrence of complete choking 
Groothuis & Meeuwissen: Display and testosterone 207 
in chicks, and no relation whatsoever with oblique 
display. Moreover, adult gulls perform choking 
almost exclusively during the breeding season, 
when testosterone production is relatively high. In 
contrast, oblique display is performed uring the 
whole year, even during winter when plasma levels 
are low. The other possibility, an age-related 
influence of testosterone on display behaviour, 
seems much more likely. The predominance of
choking in chicks and of oblique display in older 
gulls has also been reported for normally reared 
untreated gulls (Groothuis 1989a, b). It seems as if 
testosterone induces more intense forms only of 
those behaviour patterns for which the motivation 
is already aroused in the bird. Andrew (1976) has 
suggested that testosterone would influence behav- 
iour through the activation of a general system 
affecting the persistence of current behaviour 
patterns, not agonistic behaviour alone, by means 
of an increased persistence of attention for a par- 
ticular ange of stimuli. However, in the gulls a shift 
in form and frequency of behaviour, directed to the 
same stimulus, rather than an increase in persist- 
ence of agonistic behaviour must be explained. 
Furthermore, the results of earlier experiments 
(Groothuis 1989b) indicate amore specific effect of 
testosterone on aggressive behaviour. This was 
confirmed in the present experiments: while in both 
age classes the birds after hormonal treatment 
became very aggressive towards each other, the 
pumping display as part of begging behaviour, so 
typical of the behaviour of young gulls, did not 
increase in frequency but almost disappeared. 
These findings are in line with the hypothesis that 
the development of complete choking and oblique 
display is related to the development of aggressive 
behaviour in contrast-to the development of the 
pumping display (Groothuis 1989b). Furthermore, 
in this latter study the occurrence of choking was 
related to a tendency inthe bird to stay put, and this 
tendency was much stronger in chicks than in older 
gulls. This may explain the relatively high pro- 
portion of the choking display and of the incom- 
plete form of the oblique posture in which the bill, as 
in choking, points downwards, in the young chicks 
of the present study treated with testosterone. 
Therefore the present experiments support the 
interpretation f the motivational background of 
display development in the black-headed gull, as 
outlined elsewhere (Groothuis 1989b). Further- 
more they indicate that he gradual emergence of the 
adult species-specific displays in the course of nor- 
mal ontogeny can be attributed toa gradual change 
in the relevant motivational state for display behav- 
iour, rather than to the need to practise the motor 
output via the performance of incomplete display. 
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